Summary: Equinus contracture often is a complication of trauma, burns, or neurologic deficit. Many patients with contractures secondary to trauma or burns have poor soft tissue, which makes invasive correction a less appealing option. The Ilizarov external fixator has been used as a less invasive attempt to correct equinus contracture. We describe our ''dynamic'' technique and present a clinical patient series using a variation of the unconstrained Ilizarov technique, which uses elastic bands rather than threaded rods to supply the corrective force.
T rauma, burns, neuromuscular disorders, limb lengthening, and other conditions can lead to equinus contractures of the ankle. Treatment has ranged from serial casting in milder cases to tendon lengthening, open tissue release, and even osteotomy in more severe cases. Many patients with contractures secondary to trauma or burns have poor soft tissue, which makes invasive correction a less appealing option. The Ilizarov external fixator, using distraction histogenesis, also has been used as a less invasive attempt to correct equinus contracture. [1] [2] [3] [4] [5] Two variations of the Ilizarov method, constrained and unconstrained, have been described. The constrained method involves hinges, which define the axis of correction. Because the center of rotation of the ankle joint changes during ankle joint motion, frequent adjustments to the hinges are required to achieve ideal correction. 6 This method is technically cumbersome for the surgeon and burdensome for the patient.
The unconstrained method uses the ankle joint as a natural hinge to define the axis of motion. This method seems simpler, less invasive, and proceeds through a more physiologic motion. 7 Both of these methods use threaded rods connecting the tibial components to the forefoot and hindfoot components. These are adjusted at a rate not .1 mm per day to correct equinus.
Two variations of the unconstrained Ilizarov technique using elastic bands to dynamically connect the Ilizarov components rather than threaded rods have been used by the senior surgeon (LED) during the past 12 years. These methods are technically simple, require no participation by the patient to adjust rods and, because of the elasticity of the tubing, allow active range of motion during the correction period. We describe these two techniques and our clinical experience with an Ilizarov construct using elastic tubing for dynamic correction of equinus contracture.
TECHNIQUE Construct Using Anterior Elastic Tubing
Two 5-mm external fixation half-pins are placed anteromedially in the middle third of the tibia through stab incisions aligned parallel to the tibial shaft ( Figs. 1 and 2) . A pin bank is used as a guide to space the pins 6 to 10 cm apart. The depth of the pins is confirmed with fluoroscopy. A pin bank is used to connect the half-pins in such a fashion that an attachment point is available directly anteriorly over the tibial crest. We frequently use the Rancho cubes from the Smith and Nephew Ilizarov instrument set as a pin bank and attach a second Rancho cube to it so that it extends laterally to the midline from the anteromedial pins.
Attention is then turned to placing the forefoot half-ring. A 1.8-mm ''olive'' wire is driven through the base of the fifth metatarsal and across the forefoot from lateral to medial so that it exits through the base of the first metatarsal. This leaves the ''olive'' as a stop against the lateral side of the fifth metatarsal. The position is confirmed with fluoroscopy. A half-ring (we again use the Ilizarov rings) is attached dorsally across the forefoot and is tensioned to 90 kg. A 3 /4-inch Penrose drain is then threaded through a hole of the tibial pin bank at the midline and through a hole in the Ilizarov half-ring in a position that applies a dorsiflexion force that maintains neutral subtalar alignment. The Penrose drain is then stretched substantially to apply a dorsiflexion force and tied to itself.
Construct Using Anterior and Posterior Elastic Tubing
We begin by placing a proximal tibial ring. Two 5-mm half-pins are placed anteromedially through stab incisions into the middle third of the tibia using a 4-hole Rancho cube as a guide (Fig. 3) . The depth of the pins is confirmed with fluoroscopy. The half-pins are secured to the 4-hole Rancho cube and a circular Ilizarov ring large enough to allow 2-cm clearance circumferentially about the leg is attached to the Rancho cube.
Attention is then turned to the distal construct. An appropriately sized distal oval ring consisting of 2 half-rings and 2 plates is constructed from Ilizarov components. The distal half-ring arches over the foot dorsally and the posterior ring passes posterior to the calcaneus in the axial plane (the dorsal ring is 90 degrees to the axial ring) with the plates spanning the distance between them. A 1.8-mm olive wire is positioned through the bases of the fifth and first metatarsal (as above in the first technique) and attached to the dorsal foot ring. Another wire is placed through the posterior tuberosity of the calcaneus, this time placing the olive on the medial side. The wires are tensioned to 90 kg.
To dynamically link the foot and tibial constructs, a threaded rod is then placed through the posterior aspect of the tibial ring extending distally to attach to the posterior foot ring with a hinge. The proximal end of the rod extends through a hole in the ring and approximately 5 to 10 cm proximal to the ring. A 3 /4-inch Penrose drain is then stretched and tied to the proximal end of the rod and to the tibial ring to apply a compressive force pushing the threaded rod and the posterior aspect of the oval ring distally to force the heel inferiorly. Next, a 3 /4-inch Penrose drain is threaded through a hole of the tibial ring anteriorly at the midline and through a hole in the distal oval ring that arches dorsally over the forefoot in a position that allows for neutral subtalar alignment. The Penrose drain is then stretched substantially to apply a dorsiflexion force and tied to itself.
Postoperative Management
The elastic tension is increased or decreased at followup appointments based on patient comfort and degree of correction. The Penrose tubing can be changed to thicker, more durable Thera-band tubing (The Hygenic Corporation, Akron, OH) to provide increased tension as needed at follow-up appointments. The patient is instructed to actively dorsiflex and plantarflex the ankle several times daily, whereas the constant dynamic dorsiflexion force gradually brings them up out of equinus. The device is generally removed when the patient stops making progress toward dorsiflexion or the patient has maintained neutral or greater dorsiflexion for 2 to 3 weeks. After removal of the device, patients can be placed in a short leg cast, or a fracture walker boot; however, many of our patients were not further immobilized when their ankle seemed supple and our clinical judgment was that the likelihood that the ankle would revert to equinus was low.
CLINICAL SUMMARY
This technique was used on 20 patients (22 ankles) during a 12-year period (Table 1) . After obtaining institutional review board-approval, these patients were identified and we were able to contact 13 patients (13 ankles) for follow-up measurement of ankle motion. One patient (1 ankle) was lost to follow-up after undergoing tibiotalar osteotomy and arthrodesis to achieve a plantigrade ankle, because he failed to achieve correction with this technique. This patient was included in this summary because his tibiotalar arthrodesis was considered a definitive end point of treatment.
Equinus was secondary to trauma in 7, trauma with peroneal nerve deficit in 1, trauma with peroneal deficit, and central nervous system (CNS) deficit with spasticity in 1, burn in 4, and bone transport in 1. No patient had had previous surgical treatment of his or her equinus contracture.
Preoperative and during-correction measurements of equinus were clinical estimations gathered from clinic notes, whereas the final dorsiflexion measurement was made with precision using an elongated goniometer as described by Rome. 8 The mean follow-up period was 49 (range, 3-150) months. All but 1 patient achieved 0°dorsiflexion or greater while in the Ilizarov apparatus. This patient's contracture was the result of a severe lower extremity burn 6 years before the procedure. He had undergone no previous treatment and had the largest preoperative contracture (70°) in our series. He was the patient described above who eventually required tibiotalar arthrodesis to attain a plantigrade foot. Overall, the mean initial correction was a 35°increase in dorsiflexion, whereas the mean correction at final follow-up was a 33°increase in dorsiflexion for the 11 patients who underwent no subsequent equinus corrective procedure and a 42°increase in the 2 who did.
Nine of the 14 patients maintained .0°dorsiflexion, whereas 5 patients did not. Of these 5 patients, 1 achieved maintenance of .0°dorsiflexion with tendoachilles lengthening (TAL). A second achieved maintenance of .0°d orsiflexion after 2 TAL procedures, 2 flexor hallucis longus releases (FHL), 1 flexor digitorum longus release (FDL), and 1 tibiotalar capsulotomy. A third patient achieved a neutral ankle via arthrodesis. The remaining 2 patients chose to accept their improved but persistent equinus contracture.
The etiology of contracture for patients maintaining .0°d orsiflexion was trauma in 7 patients, trauma with peroneal nerve deficit in 1, and bone transport in 1. The etiology of contracture for patients unable to maintain DF .0°was burn in 4 and trauma with peroneal nerve and CNS deficit with spasticity in 1. The results for these groups are summarized in Table 2 .
Post-Ilizarov immobilization for those maintaining .0°d orsiflexion consisted of short leg cast in 1, AFO in 2, fracture walker boot in 2, and no immobilization in 4. For those unable to maintain correction at final follow-up, postprocedure immobilization consisted of short leg cast in 4 and fracture walker boot in 1.
Complications included claw toes in 4, requiring release in 3. One patient noted severe pain while in the apparatus, which was relieved by loosening the dorsiflexion tension. Three patients were noted to drift into valgus while the Ilizarov apparatus was in place. This was corrected by adjusting the proximal attachment of the tubing to provide a varus force. Pin site infections developed in 3 and were treated adequately with cephalexin. No joint subluxation was noted clinically.
DISCUSSION
We have reported our experience with a variation of the unconstrained Ilizarov method using elastic tubing rather than threaded rods for treatment of equinus contracture. Compared with threaded rods, this method is technically simpler, allows range of motion while in the apparatus, and requires minimal participation on the patient's behalf (they do not have to adjust their device daily as when threaded rods are used). Adjustments to the position and tension of the tubing are made at regular follow-up appointments.
This technique also offers advantages over more conventional equinus corrective procedures, such as serial casting or TAL. Poor soft-tissue conditions for a number of patients in this series, RSD for 1 patient and the ability to allow joint motion during the correction period, were considerations that made this technique a more appealing alternative.
The corrective force provided by the elastic tubing was sufficient to achieve neutral or greater dorsiflexion for all but 1 of the equinus contractures in our series. Only the patient with the largest preoperative contracture of the longest duration was unable to achieve initial dorsiflexion of neutral or greater while in the apparatus. More invasive techniques, such as that used by Hahn et al, 9 which involved scar excision, free tissue transfer, open TAL in addition to an Ilizarov construct, may be required for a successful outcome in these patients with significant scar and large contractures.
Lengthening the corrective period through postapparatus casting or bracing did not affect maintenance of correction. Those unable to maintain correction all had a period of rigid immobilization with short leg cast or walker boot. Of those maintaining correction, only 5 of 9 patients had a postIlizarov period of rigid immobilization. This suggests that factors, such as etiology or duration of contracture rather than duration of corrective force, affected whether this procedure was able to provide lasting correction.
Our series does demonstrate clear distinctions between those patients able to maintain neutral or greater dorsiflexion and those unable to maintain it. It seems that a burn etiology of contracture, a long duration of contracture, and a large contracture before surgery correlated with inability to maintain correction. Of these, etiology of contracture may be the most important, because the contrast of outcomes between trauma patients and burn patients are distinct. It is unclear why burn contractures tended to revert to equinus. It could be conjectured that burn contractures have a greater propensity to recur because of ongoing scar contracture. This seems unlikely in our series given that 3 of the 4 burn contractures were treated more than 1 year after the contracture formed when the scar was likely stable. Unfortunately, burn patients would seem to have the most to gain from a less invasive equinus correction procedure because of compromised skin and soft-tissue envelopes in which serial casting, osteotomy, or tendoachilles lengthening would be risky alternatives. Despite being unable to maintain neutral or better dorsiflexion, 2 of 4 burn patients experienced large improvements in their contractures and elected not to pursue further treatment. Thus, this technique may lead to improved function by decreasing the degree of deformity without necessarily maintaining a plantigrade foot and therefore may remain a useful alternative to more invasive procedures.
It is unclear how effective this technique is for those with neurologic deficits. One patient with common peroneal deficit secondary to trauma maintained greater than neutral 10 Perhaps for these patients refractory to physiotherapy, this technique, with or without the addition of botulism toxin, may be an alternative to serial casting with the advantage of allowing active joint motion during treatment.
This technique seems best suited for contractures of a traumatic etiology. All patients in our series with contractures secondary to trauma maintained dorsiflexion .0°at final follow-up. Huang, 3 using a hinged Ilizarov construct, also noted better results for those with contractures secondary to trauma. The improved soft-tissue conditions and shorter duration of contracture likely contributed to the improved outcome in these patients.
Consideration should be given to potential complications when considering treatment options. The most common complications in our series were partial recurrence of the contracture and clawtoe. Clawtoe results because the toes are not constrained by the device and thus their tendons are not stretched. We corrected this with flexor tenotomy. However, there have been reports of preventing clawtoe with prophylactic percutaneous pinning across the distal interphalangeal, proximal interphalangeal, and metatarsophalangeal joints or using elastic tubing around the toes and attached proximally to the external fixator. 11, 12 
